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(57) ABSTRACT 

The reductive removal of nitrogen oxides from the exhaust 
gas from internal combustion engines operated predomi 
nantly under lean conditions takes place in a selective cata 
lytic reduction (SCR) of the nitrogen oxides by means of 
ammonia or a compound which can be decomposed into 
ammonia as reducing agent. Conventional SCR catalysts 
typically have a relatively narrow working temperature win 
dow, usually 350° C. to 520°C., in which good nitrogen oxide 
conversions can be achieved with sufficient selectivity. SCR 
catalyst formulations whose working window is in the tem 
perature range from 150° C. to 350° C. generally not be used 
at higher temperatures since they oxidize the ammonia 
required as reducing 18 agent to nitrogen oxides at above 
350° C. To cover the entire exhaust gas temperature range 
typical of vehicles having been operating internal combustion 
engines extending from 200° C. to 600° C., it has therefore 
mostly been necessary to use complicated exhaust gas sys 
tems containing a plurality of catalysts having different work 
ing temperature ranges. Disclosed is a structured SCR cata 
lyst whose working range extends over a significantly broader 
temperature window and by means of which complicated 
exhaust gas units can be considerably simplified, with a sav 
ing of components. 
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STRUCTURED SCR CATALYST FOR THE 
REDUCTION OF NITROGEN OXDES IN THE 
EXHAUST GAS FROM LEAN-BURN ENGINES 
USINGAMMONAAS REDUCINGAGENT 

0001. The present invention relates to a structured catalyst 
for the removal of nitrogen oxides from exhaust gases from 
internal combustion engines operated predominantly at a lean 
air/fuel ratio by selective catalytic reduction using ammonia 
or a compound which can be decomposed into ammonia as 
reducing agent. Such internal combustion engines are diesel 
engines and directly injected petrol engines. They are referred 
to collectively as lean-burn engines. 
0002 The exhaust gas from lean-burn engines contains 
not only the usual pollutant gases carbon monoxide CO, 
hydrocarbons HC and nitrogen oxides NO, but also a rela 
tively high proportion of oxygen of up to 15% by volume. 
Carbon monoxide and hydrocarbons can easily be made non 
polluting by oxidation. The reduction of the nitrogen oxides 
to nitrogen is significantly more difficult because of the high 
OXygen content. 
0003. A known method of removing nitrogen oxides from 
exhaust gases in the presence of oxygen is the process of 
selective catalytic reduction (SCR process) by means of 
ammonia which can also be generated in situ from a precursor 
compound Such as urea. In this process, comproportionation 
of the nitrogen oxides with ammonia takes place with forma 
tion of nitrogen over a suitable catalyst, referred to as SCR 
catalyst for short. 
0004 Since internal combustion engines are operated in 
transient driving cycles in the motor vehicle, the SCR catalyst 
has to ensure very high nitrogen oxide conversions at good 
selectivity even under widely varying operating conditions. 
Both complete and selective nitrogen oxide conversion at low 
temperatures and selective and complete conversion of high 
concentrations of nitrogen oxide as occur, for example, dur 
ing full-load driving in very hot exhaust gas have to be 
ensured. In addition, the widely varying operating conditions 
present difficulties in the exact metering of ammonia, which 
should ideally be introduced in a stoichiometric ratio to the 
nitrogen oxides to be reduced. As a result, severe demands are 
made on the robustness of the SCR catalyst, i.e. its ability to 
reduce nitrogen oxides to nitrogen with high conversions and 
selectivities over a broad temperature window at highly vari 
able space Velocities over the catalyst and a fluctuating Supply 
of reducing agent. 
0005 EP 0385 164 B1 describes all-active catalysts for 
the selective reduction of nitrogen oxides by means of ammo 
nia, which contain titanium oxide and at least one oxide of 
tungsten, silicon, boron, aluminum, phosphorus, Zirconium, 
barium, yttrium, lanthanum and cerium together with an addi 
tional component selected from the group of oxides of vana 
dium, niobium, molybdenum, iron and copper. 
0006 U.S. Pat. No. 4,961,917 claims catalyst formula 
tions for the reduction of nitrogen oxides by means of ammo 
nia, which contain Zeolites having a silica:alumina ratio of at 
least 10 and a pore structure which is linked in three dimen 
sions by pores having an average kinetic pore diameter of at 
least 7 Angstrom together with iron and/or copper as promot 
ers. EP 1 495 804 and U.S. Pat. No. 6,914,026 disclose 
methods of improving the stability of such zeolite-based sys 
tems under hydrothermal aging conditions. 

Aug. 19, 2010 

0007. The SCR catalyst formulations described in the 
documents mentioned, which represent the present prior art, 
all display good nitrogen oxide conversions only above 350° 
C. In general, the reaction proceeds optimally only in a rela 
tively narrow temperature range. This conversion optimum is 
typical of SCR catalysts and is due to the mode of operation 
of the catalysts. 
0008. As a result of the optimal stoichiometry of the reac 
tion, the reduction of a 1:1 molar mixture of nitrogen mon 
oxide NO and nitrogen dioxide NO with ammonia NH 
proceeds many times as quickly as the reduction of pure 
nitrogen monoxide NO. The nitrogen oxides NO present in 
the exhaust gas from lean-burn engines comprise predomi 
nantly NO and have only small proportions of NO. However, 
since the oxidation of NO to NO has to be promoted kineti 
cally by an oxidation catalyst attemperatures below 300°C., 
SCR catalysts do not display any significant conversions in 
the low-temperature range if they do not have a certain oxi 
dizing power. On the other hand, an excessively high oxidiz 
ing power at temperatures above 350° C. leads to ammonia 
being oxidized by the high oxygen content of the exhaust gas 
from lean-burn engines to form lower-Valent nitrogen oxides 
such as nitrous oxide NO. This firstly results in loss of the 
reducing agent required for the SCR reaction and, secondly, 
NO, in the form of the undesirable secondary emission NO 
is formed. This leads overall to a significant limitation of the 
operating window of low-temperature SCR catalysts to a very 
narrow temperature range. For example, SCR catalysts con 
taining noble metals display very high NO, conversions in the 
range from 100 to 250° C., but the temperature range in which 
the catalyst operates with satisfactory selectivity to nitrogen 
is generally restricted to from 20 to 50° C. 
0009. The conflict in terms of objectives between an oxi 
dizing power which is too high and consequently a lack of 
selectivity and an oxidizing power which is too low and 
therefore unsatisfactory lower-temperature activity is the rea 
son why SCR catalysts such as the formulations mentioned in 
EP 0385 164 B1 or U.S. Pat. No. 4,961,917 have to be used 
either in combination with an upstream oxidation catalyst 
or/and in combination with a further catalyst capable of 
reducing nitrogen oxides for removing nitrogen oxides from 
the exhaust gas from lean-burn engines in order to be able to 
ensure removal of the nitrogen oxides at all operating tem 
peratures which occur during driving operation, which are in 
the range from 200°C. and 600°C. The supplementary cata 
lyst capable of reducing nitrogen oxides can be a low-tem 
perature SCR catalyst, a nitrogen oxide storage catalyst, an 
HC-DeNOx catalyst or another suitable, reduction-active 
catalyst technology or combinations thereof. 
(0010 For example US 2006/00398.43 discloses such a 
system solution. Paragraph 0062 describes, as advanta 
geous embodiment, a system for purifying exhaust gas, in 
which a substrate coated with an SCR catalyst is arranged 
between the reducing agent injector and a catalyst Support 
which is coated withan SCR catalystandan ammonia decom 
position catalyst. The SCR catalyst formulations are, in a 
preferred embodiment according to this text, selected so that 
the first catalyst operates optimally at relatively high operat 
ing temperatures while the second catalyst is more Suitable 
for use in cooler segments of the exhaust gas system. 
(0011 DE 103 60955A1 describes an exhaust gas purifi 
cation unit for an internal combustion engine, in which 
ammonia utilized as reducing agent in the SCR reaction is 
generated from appropriate exhaust gas constituents over a 
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first (in the flow direction) catalyst when a rich exhaust gas 
composition is present. The ammonia generated by the first 
catalyst is stored temporarily on a second (in the flow direc 
tion) catalyst in the case of a rich exhaust gas composition. In 
the case of a lean exhaust gas composition, the nitrogen 
oxides present in the exhaust gas are reduced using the tem 
porarily stored ammonia. Downstream of the second catalyst, 
there is a third, noble metal-containing catalyst which com 
prises at least one of the platinum group metals Pt, Pd or Rh 
on Support materials which are able to store ammonia in the 
case of a rich exhaust gas composition and liberate ammonia 
in the case of a lean exhaust gas composition. According to 
this document, the temperature activity ranges of the standard 
SCR catalyst used in the second position and the noble metal 
containing catalyst complement one another so that the pro 
posed exhaust gas purification unit is able to increase the 
nitrogen oxide conversion considerably, especially at low 
temperatures. 
0012. Although such system solutions ensure that the 
nitrogen oxides present in the exhaust gas from the lean-burn 
engine are largely removed in transient operation of the 
engine, they have considerable disadvantages. Thus, space 
has to be provided in the vehicle for installation of all catalysts 
required. Furthermore, each catalyst generates a measurable 
exhaust gas counterpressure which leads to reductions in the 
engine power available for operating the vehicle and thus 
ultimately to increased fuel consumption. In addition, Such 
system solutions require complicated Studies on the vehicle 
application during the development phase of a vehicle so as to 
ensure that all catalysts are arranged in an optimal position 
with regard to conversion and selectivity behavior. Here, the 
optimal position of the catalysts is critically dependent on the 
achievable operating temperatures and thus firstly on the dis 
tance from the engine and secondly on the heat losses in the 
exhaust gas unit. Of course, each further component incurs 
higher costs. 
0013. In paragraph 0021 of the abovementioned docu 
ment DE 103 60955, it is proposed that, in order to minimize 
the pressure drop, the third, noble-metal containing catalyst 
be applied to an outflow-end Zone of the second catalyst, with 
this Zone covering from 5 to 50% of the total length L of the 
second catalyst. 
0014. The proposed solution reduces the difficulties 
caused by the configuration as a system to only a limited 
extent. Since the third catalyst configured as an outflow-end 
Zone of the second catalyst is a noble metal-containing cata 
lyst and, as a result of its high oxidizing power, displays 
unsatisfactory selectivity to nitrogen at temperatures above 
250° C., high NO secondary emissions are to be expected 
above this temperature. 
0015. It is thus an object of the present invention to provide 
a catalyst for the selective catalytic reduction of nitrogen 
oxides by means of ammonia or a compound which decom 
poses into ammonia, which displays good SCR activity in the 
temperature range below 350° C. while maintaining the 
desired SCR activity and selectivity as completely as possible 
in the temperature range above 350° C. In particular, it is an 
object of the present invention to provide a catalytically active 
component which despite a widening of the activity window 
into the low-temperature range causes no significantly 
increased N2O secondary emissions. 
0016. This object is achieved by a structured SCR catalyst 
which is composed of a plurality of catalytically active mate 
rial Zones which are contacted in Succession by the exhaust 
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gas. These material Zones are arranged on Support body 
which can be catalytically inert or can itself represent a cata 
lytically active material Zone. They are distinguished by dif 
ferent conversion profiles in the SCR reaction: the conversion 
profile of the material Zone which first comes into contact 
with the exhaust gas to be purified is at higher temperatures 
than the conversion profile of a material Zone which is sub 
sequently contacted by the exhaust gas to be purified. The 
Zone of the catalyst which first comes into contact with the 
exhaust gas comprises iron-exchanged Zeolites and the mate 
rial Zone which is Subsequently contacted by the exhaust gas 
to be purified comprises a transition metal-exchanged Zeolite 
or a transition metal oxide selected from the group consisting 
of Vanadium pentoxide, tungsten trioxide and titanium diox 
ide or combinations thereof or a transition metal-exchanged 
Zeolite and a transition metal oxide selected from the group 
consisting of vanadium pentoxide, tungsten trioxide and tita 
nium dioxide or combinations thereof. 

0017. In its preferred embodiments, the catalyst of the 
invention does not contain a platinum group metal, in particu 
lar not platinum, palladium or rhodium. 
0018. Before an introductory explanation of the invention, 
some terms which are of importance to the invention will be 
defined below. 

0019 For the purposes of the present patent text, the con 
version profile of a catalyst is the optimal operating tempera 
ture window of an SCR catalyst in the freshly produced state, 
i.e. the temperature range in which maximum nitrogen oxide 
conversions are achieved with minimum demands on the 
selectivity of the catalyst. The limits of this temperature range 
are set with the aid of two temperature-dependent conversion 
values which are determined by the maximum conversion of 
the freshly produced catalyst measured under the chosen 
operating conditions. In the lower temperature range, the 
light-off behavior of the catalyst and its oxidizing power 
determine the performance. In a manner analogous to the 
terminology of the “light-off behavior” which is customary 
and well known to those skilled in the art for characterizing 
oxidation catalysts, a Tso value is set as lower limit of the 
conversion profile. This is the temperature at which 50% of 
the maximum conversion characteristic of the catalyst is 
achieved under the operating conditions selected. In the upper 
temperature range, the conversion is limited, in particular, by 
the formation of nitrogen oxides resulting from overoxidation 
of ammonia. The temperature at which 90% of the maximum 
conversion characteristic of the catalyst under the operating 
conditions selected is exceeded is selected as upper limit of 
the conversion profile. In view of the high selectivity require 
ments and taking into account the fact of the nitrous oxide 
NO formed from the overoxidation of ammonia represents 
an undesirable secondary emission, the temperature range 
defined as conversion profile is restricted further when the 
NO content measured downstream of the catalyst exceeds a 
critical limit. In the studies carried out by the applicant, a 
maximum value of 25 ppm is considered to be acceptable 
under the operating conditions selected. 
0020 For illustration, the conversion profiles of two con 
ventional SCR catalysts which are described in the two com 
parative examples are shown in FIG.1. The conversion profile 
of VK1 is shown by the area denoted by (III) and encom 
passes the temperature range from 225°C. to >500°C. The 
conversion profile of VK2, shown by the area denoted by (=) 
is limited at the lower end by an NO content increasing to 
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above 25 ppm downstream of the catalyst and encompasses 
the temperature range from 175° C. to 310° C. 
0021 For the purposes of the present patent text, a cata 
lytically active material Zone is a material region which is 
present in the catalyst and can be seen as a closed Zone under 
a scanning electron microscope. This can be the catalytically 
active coating on an inert Support body. This coating can in 
turn be made up of a plurality of catalytically active material 
Zones if it comprises, for example, a plurality of layers of 
different materials. To give a better understanding of the 
concept of the material Zone, FIG. 2 shows part of a scanning 
electron micrograph of the inflow cross section of a catalyst 
which comprises an inert honeycomb body having a catalyti 
cally active coating. The reference numeral (3) denotes the 
honeycomb body used as inert support body. The reference 
numerals (1) and (2) show the material Zones having different 
catalytic activity of which the coating is composed. The bro 
ken lines drawn in indicate the boundaries of the material 
ZOS. 

0022. Furthermore, a material Zone can be a support body 
on which a coating comprising one or, if appropriate, more 
than one material Zones can have been applied, provided that 
the support itself displays catalytic activity in the SCR reac 
tion. 

0023 The structured SCR catalyst of the invention is com 
posed of a plurality of catalytically active material Zones, with 
the conversion profile of the material Zone which is contacted 
first by the exhaust gas to be purified being at higher tempera 
tures than the conversion profile of the material Zone which is 
contacted Subsequently by the exhaust gas to be purified. 
0024. In a preferred embodiment of the invention, the 
conversion profile of the material Zone which is contacted 
first by the exhaust gas is from 350° C. to 500° C. Such a 
conversion profile is typical of SCR catalysts containing iron 
exchanged zeolites. The conversion profile of the material 
Zone which is contacted Subsequently by the exhaust gas is 
preferably in the temperature range from 100° C. to 400° C. 
particularly preferably in the temperature range from 200° C. 
to 350° C. This material Zone contains, according to the 
invention, transition metal-exchanged Zeolites and/or transi 
tion metal oxides selected from the group consisting of vana 
dium pentoxide, tungsten trioxide and titanium dioxide. As 
transition metal present in the Zeolite, preference is given here 
to a metal from the group consisting of copper, manganese, 
cobalt, nickel, silver and gold or combinations thereof. Very 
particular preference is given to copper. 
0025. Such an arrangement of the material Zones charac 
terized by their conversion profile ensures a significant 
increase in the nitrogen oxide conversion in the temperature 
range below 350° C. without appreciable decreases in the 
selectivity occurring in the temperature range above 350° C. 
as a result of overoxidation of ammonia to low-valent nitro 
gen oxides. The conversion profile typical for the SCR cata 
lyst can consequently be broadened additively by a significant 
temperature range below 350° C. The additive broadening of 
the conversion profile of the catalyst of the invention presum 
ably results from one of the material Zones, depending in each 
case on the operating temperature of the catalyst, not contrib 
uting significantly to the nitrogen oxide conversion but at the 
same time also not decreasing the selectivity but acting as an 
effectively inert material. 
0026. The arrangement of the material Zones having the 
composition according to the invention cannot be chosen 
freely. The reverse arrangement of the material Zones in 
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which the exhaust gas to be purified firstly contacts the mate 
rial Zone having a conversion profile at relatively low tem 
peratures does not meet the objective since the achievable 
conversions decrease significantly compared to the arrange 
ment according to the invention. 
0027. The material Zones can be arranged either horizon 
tally or vertically relative to one another. FIG. 3 shows the 
embodiment according to the invention. Here, the parts A and 
B of the figure show embodiments with the material Zones 
arranged above one another (vertical). Parts C and F of the 
figure show embodiments with a horizontal arrangement, i.e. 
the material Zones are arranged in Succession in the flow 
direction of the exhaust gas. The reference numeral (4) 
denotes the material Zone which is contacted first by the 
exhaust gas and has a conversion profile at relatively high 
temperatures. The reference numerals (5) and (7) denote 
material Zones which are contacted Subsequently by the 
exhaust gas and have a conversion profile at lower tempera 
tures, with reference numeral (7) being used only for the 
special case in which the material Zone which is contacted 
Subsequently is a Support body which is catalytically active in 
the SCR reaction. Reference numeral (6) denotes an inert 
support body. The region (8) defined by two triangular areas 
bounded by broken lines in part C of the figure denotes an 
overlap region of the material Zones (4) and (5). The free area 
denoted by reference numeral (9) in part E of the figure 
represents an uncoated intermediate Zone between two mate 
rial Zones on an inert Support body. 
0028. Vertical arrangements as in FIG.3B are always suit 
able when all-active catalysts which have a conversion profile 
at relatively low temperatures and simultaneously serve as 
Support bodies for a further catalytically active coating hav 
ing a conversion profile at higher temperature (4) are used as 
material Zone (7) which is to be contacted subsequently by the 
exhaust gas. As an alternative, an inert Support body (6) can 
firstly be coated with a catalytically active coating having a 
conversion profile at relatively low temperatures (5) and the 
resulting “low-temperature SCR catalyst” can be used as 
Support body for a catalytically active coating (4) which dis 
plays good SCR activity and selectivity at higher tempera 
tures. This results in the embodiment shown in FIG. 3A. 
0029. In the choice of the preferred spatial arrangement of 
the layers, applicative aspects also have to be taken into 
account. In the case of an arrangement of the layers vertically 
above one another as shown in FIGS. 3A and 3B, it has to be 
remembered that adverse interactions between the material 
Zones cannot be ruled out at high temperatures. For example, 
thermally induced migration of transition metal atoms from 
(5) or (7) into (4) can adversely affect the selectivity of the 
system since such ion migration leads to an undesirable 
increase in the oxidizing power of the material Zone which is 
contacted first by the exhaust gas, with the consequence of 
increased overoxidation of ammonia at relatively high oper 
ating temperatures. 
0030. One possible way of preventing this is to arrange a 
further coating which acts as diffusion barrier to the transition 
metal atoms between the material Zones (5) and (4) or (7) and 
(4). The action of Such a diffusion barrier can, depending on 
the material used and the purification task of a structured 
automobile exhaust gas catalyst, be based on a mechanical or 
chemical barrier action. Preference is given to diffusion bar 
riers having a chemical barrier action. 
0031. In a particularly preferred embodiment of the 
present invention, a diffusion barrier which has a chemical 
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barrier action and comprises predominantly unexchanged 
Zeolites, known as H-Zeolites, and/or ammonium-exchanged 
Zeolites is arranged between the vertically Superposed mate 
rial zones (5) and (4) or (7) and (4) (FIGS. 3A and 3B). The 
action of H-Zeolites is based on transition metal atoms which 
undergo thermally induced migration from a catalytically 
active coating into the Zeolytic barrier layer being chemically 
bound in the pores of the Zeolite. This results in ion exchange 
in the solid which leads to liberation of the faster-moving, 
Smaller protons. The transition metal atoms are firmly bound 
chemically at the adsorption sites of the protons. Their migra 
tion is stopped in this way. Only when all proton adsorption 
sites in the Zeolytic barrier layer have been occupied by the 
transition metal and an accumulation at the interface to the 
adjacent catalytically active layer occurs as a result of further 
migration into the barrier layer and the threshold concentra 
tion is exceeded does the diffusion barrier loose its effective 
ness. This point can be prevented by appropriate dimension 
ing of the diffusion barrier according to the concentration of 
the transition metal atoms in the catalytically active coating. 
0032. If transition metal atoms migrate from the adjacent 
catalytically active coating into a barrier layer of ammonium 
exchanged Zeolite, ammonia is liberated in addition to pro 
tons. This is firstly temporarily stored in the cage structure of 
the Zeolite and can be used for reduction of nitrogen oxides in 
the selective catalytic reduction. Furthermore, hydrocarbon 
molecules from the exhaust gas can be temporarily stored 
both in the cage structure of H-Zeolites and in the cage struc 
ture of ammonium-exchange Zeolites. These are then likewise 
available as reducing agents. 
0033. If the material Zones are arranged horizontally, i.e. 
in succession in the flow direction of the exhaust gas (FIGS. 
3C to 3F), the contact area of the material Zones is signifi 
cantly reduced even at the point of overlap (FIG. 3C). This 
also significantly reduces the probability of transition metal 
atoms migrating through the interface from (5) or (7) into (4). 
Here, the overlap region of the material Zones (8) must not 
exceed a longitudinal distance of 5 millimeters in the flow 
direction of the catalyst. 
0034. If overlap of the material Zones can be avoided com 
pletely, as shown in FIGS. 3D and 3E, impairment of the 
selectivity of the catalyst of the invention by diffusion of 
transition metal atoms from layer (5) into layer (4) does not 
have to be feared. These embodiments therefore display 
improved aging stability compared to the variants 3A, 3B, 3C 
and 3F and are therefore very particularly preferred. The 
distance between the material Zones (9) should not be greater 
than 5 millimeters in the flow direction of the catalyst for 
reasons of effective utilization of installation space. 
0035) If the material Zones are arranged in succession in 
the flow direction, the length ratio of the material Zones is 
likewise an optimization opportunity determined by the 
application. If the structured SCR catalyst of the invention is 
intended for use in a vehicle having rather low combustion 
temperatures, e.g. a diesel vehicle, or for positioning in a 
relatively cool position far removed from the engine in the 
exhaust gas unit so that the operating temperatures of the 
catalyst generally do not exceed 350° C., the material Zone 
which is contacted Subsequently by the exhaust gas to be 
purified has to make up the largest proportion of the length of 
catalyst. In Such applications, preference is given to arrange 
ments having a ratio of the material Zones (4):(5) of from 5:95 
to 45:55, particularly preferably from 10:90 to 25:75. The 
reason for this is that the material Zone (4) which preferably 
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contains an iron-exchanged Zeolite stores ammonia even at 
low temperatures but gives this off again only slowly at tem 
peratures below 350° C. If the ammonia storage has dimen 
sions larger than that of the material Zone which is contacted 
first by the exhaust gas, the ammonia necessary for the reac 
tion will be held back from the downstream material Zone 
which takes on the purification tasks in this temperature 
range. The conversions decrease. 
0036). If the structured SCR catalyst of the invention is 
intended for use in a motor vehicle having higher combustion 
temperatures, for example a vehicle having a lean-burn, 
directly injected petrol engine, or for installation in a position 
close to the engine, the material Zone (4) which preferably 
contains iron-exchanged Zeolite has to make up the main part 
of the coating. If, as is not unusual in Such applications, the 
operating temperatures of the catalyst are generally above 
350° C., very complete conversion of the nitrogen oxides in 
the first material Zone in combination with a very low ammo 
nia breakthrough has to be ensured. The nitrogen oxides 
breaking through the first material Zone can no longer be 
reacted satisfactorily in the Subsequent material Zone because 
of their conversion profile. In addition, ammonia which 
breaks through would be overoxidized to further nitrogen 
oxides because of the decrease in selectivity. If the material 
Zone which is contacted second by the exhaust gas is appro 
priately dimensioned, its oxidizing power can be exploited 
positively as ammonia barrier catalyst and can contribute to a 
further component saving in the exhaust gas system. In rela 
tively hot applications, preference is given to arrangements 
having a ratio of the material Zones (4):(5) of from 95:5 to 
55:45, particularly preferably from 90:10 to 75:25. 
0037. The invention is illustrated below with the aid of two 
comparative examples, two examples and FIGS. 1 to 7. The 
figures show 
0038 FIG. 1: Conversion profile of two conventional SCR 
catalysts. 
0039 FIG.2: Part of a scanning electron micrograph of the 
cross section through an inert honeycomb body (3) having an 
applied coating comprising two material Zones (1) and (2). 
0040 FIG. 3: Preferred embodiments of the structured 
SCR catalysts according to the invention which differ in 
respect of the spatial arrangement of the material Zones. 

0041. Here, the reference numeral 
0.042 (4) denotes the material Zone which is contacted 

first by the exhaust gas and has a conversion profile at 
relatively high temperatures. 

0.043 (5) denotes the material Zone which is contacted 
Subsequently by the exhaust gas and has a conversion 
profile at relatively low temperatures if it is not a support 
body which is catalytically active in the SCR reaction. 

0044 (6) denotes an inert support body. 
0.045 (7) denotes a support body which is catalytically 
active in the SCR reaction as material Zone which is 
contacted Subsequently by the exhaust gas and has a 
conversion profile at relatively low temperatures. 

0046 (8) denotes the overlap region of the material 
ZOS. 

0047 (9) denotes an uncoated intermediate Zone. 
0.048. The various parts of the images show, as preferred 
embodiments of catalysts according to the invention, 

0049 A and B: the possible vertical arrangements of 
two material Zones. 

0050 C: the horizontal arrangement of two material 
Zones on an inert Support body with overlap region; 
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0051 D and E: the horizontal arrangement of two mate 
rial Zones on an inert Support body without overlap 
region; 

0.052 F: the horizontal arrangement of two material 
Zones having a partial overlap region when the material 
Zone contacted Subsequently by the exhaust gas is a 
support body which is catalytically active in the SCR 
reaction. 

0053 FIG. 3 has neither comprehensive nor exclusive 
character in terms of the depicted embodiments of the 
catalysts according to the invention. The depiction is 
illustrative. 

0054 FIG. 4: Conversion profiles of two freshly produced 
structured SCR catalysts according to the invention with ver 
tical arrangement of the material Zones. 
0055 FIG. 5: Nitrogen oxide conversions of two struc 
tured SCR catalysts according to the invention with vertical 
arrangement of the material Zones and of a conventional SCR 
catalyst after hydrothermal aging. 
0056 FIG. 6: Conversion profile of a structured SCR cata 
lyst according to the invention having a horizontal arrange 
ment of the material Zones in the freshly produced state. 
0057 FIG. 7: Nitrogen oxide conversion of a structured 
SCR catalyst according to the invention with a horizontal 
arrangement of the material Zones and of a conventional SCR 
catalyst after hydrothermal aging. 

COMPARATIVE EXAMPLE1 

0.058. In this comparative example, the conversion profile 
of a conventional SCR catalyst based on iron-exchanged Zeo 
lites was examined. Such catalysts typically display a conver 
sion profile with maximum conversions at temperatures 
above 300° C. To produce this comparative catalyst, which 
will hereinafter be designated as VK 1, 6.4 g of a catalytically 
active coating composed of iron-exchanged Zeolites were 
applied to an inert ceramic honeycomb body. The volume of 
the honeycomb body was 0.041. It had 62 cells per cm with 
a wall thickness of 0.17 mm. 
0059. The conversion profile was examined in a stationary 

test on a model gas unit using the following gas concentra 
tions: 

Model gas component: Concentration: 

NO 500 ppm 
NH 425 ppm 
O2 5% by volume 
HO 1.3% by volume 
N Balance 

0060. The molar ratio of ammonia to the nitrogen oxides is 
usually denoted by alpha in studies on SCR activity: 

(NO) 

0061 The gas concentrations shown in the table give an 
alpha value of C. 0.85. The space velocity in the model gas 
tests carried out was 30 000 h". 
0062. The result of the studies is shown in FIG.1. Here, the 
curves denoted by (o) show the results for VK1. In the freshly 
produced State, the catalyst achieves a maximum nitrogen 
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oxide conversion of 70% at temperatures in the range from 
350° C. to 500° C. Since no decrease in the conversion is 
observed at 500° C., it can be seen that the conversion level of 
about 70% can also be maintained at higher temperatures. 
Below 350° C., the conversions increase slowly and virtually 
linearly with temperature. Tso is 225°C. The NO content 
downstream of the catalyst caused by overoxidation of 
ammonia is below 10 ppm over the entire temperature win 
dow and is thus not relevant for determining the conversion 
profile. 
0063. Accordingly, the conversion profile in the sense of 
this patent application which is typical for VK1 encompasses 
the temperature range of from 225°C. to >500° C. denoted by 
(III). 

COMPARATIVE EXAMPLE 2 

0064. In this comparative example, the conversion profile 
of a conventional SCR catalyst based on copper-exchanged 
Zeolites was examined. Such catalysts generally display, 
according to the experience of the applicant, a conversion 
profile at temperatures below 350° C. due to the higher oxi 
dizing action of copper. To produce this comparative catalyst, 
which will hereinafter be designated as VK 2, 10 g of a 
catalytically active coating comprising copper-exchanged 
Zeolites was applied to an inert ceramic honeycomb body. The 
volume of the honeycomb body was likewise 0.041. It had 62 
cells per cm with a wall thickness of 0.17 mm. 
0065. The catalyst was examined in a stationary test on a 
model gas unit under the same conditions as in comparative 
example 1. 
0066. The result of the studies is shown in FIG.1. Here, the 
curves denoted by () show the results for VK2. In the freshly 
produced State, the catalyst achieves, after passing through 
the Tso at 175°C., a maximum nitrogen oxide conversion of 
74% at 240° C. Above 350° C., the nitrogen oxide conver 
sions observed decrease significantly and above 380° C. go 
below values of 66%. Even at lower temperature, the NO 
concentrations resulting from overoxidation of ammonia 
increase to above 25 ppm. 
0067. Accordingly, the conversion profile in the sense of 
this patent application which is typical for VK2 encompasses 
the temperature range of from 175°C. to 310°C. denoted by 
(=). 
0068 FIG. 1 shows very clearly the restriction of the 
working range typical of conventional SCR catalysts which is 
due to the conflict of objectives between the minimum oxi 
dizing force required for effective preoxidation of NO to NO, 
and the maximum usable oxidizing force which is still just 
permissible in order to prevent overoxidation of the ammonia 
used as reducing agent. 

EXAMPLE 1. 

0069 Conversion profile and aging behavior of two struc 
tured SCR catalysts according to the invention having a ver 
tical arrangement of material Zones were examined. To pro 
duce the catalyst, a catalytically active coating comprising 
two material Zones was applied to an inert ceramic honey 
comb body. For this purpose, the honeycomb body was firstly 
provided with a material Zone comprising a copper-ex 
changed Zeolite corresponding to catalyst VK 2 from com 
parative example 2 and calcined at 500° C. in air for 2 hours 
to improve adhesion of the coating. A further material Zone 
comprising an iron-exchanged Zeolite corresponding to VK1 
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from comparative example 1 was Subsequently applied. In 
this way, two catalysts according to the invention having a 
vertical arrangement of material Zones as shown in FIG. 3A 
and having a catalyst volume of 0.041 were produced. Both 
catalysts had a cell count of 62 cells per cm and a wall 
thickness of 0.17 mm. The significant difference between the 
two catalysts according to the invention was the ratio of the 
material Zones indicated in the following table. 

Catalyst: Ratio lower material Zone:upper material Zone 

V1: (5:16) 
V2: 16:5) 

0070. In such an arrangement of the material Zones, the 
exhaust gas to be purified firstly diffuses through the material 
Zone which comprises iron-exchanged Zeolite and has a con 
version profile at relatively high temperatures. There, the 
SCR reaction occurs at operating temperatures above 350° C. 
After passing through this upper material Zone, the gas 
reaches the underlying layer which comprises copper-ex 
changed Zeolites in which any unreacted nitrogen oxides 
react with unreacted ammonia. This occurs particularly when 
the operating temperatures of the catalyst are still below 350° 
C. 
0071. The conversion profile of the two catalysts accord 
ing to the invention was examined in the freshly produced 
state in a stationary model gas test. The test conditions chosen 
corresponded exactly to the conditions described in compara 
tive example 1. FIG. 4 shows the result of the study. 
0072 Both catalysts according to the invention have a 
broader conversion profile or a conversion profile covering a 
greaterrange of the target working window than the compara 
tive catalysts of comparative examples 1 and 2. V1 has a Tso 
of 180° C. and thus a somewhat slower increase in the nitro 
gen oxide conversion in the low-temperature range than V2 
with a Tso of 160°C. The maximum conversion for V1 is 76% 
at 290°C., while that for V2 is 78% conversion at 240°C. The 
corresponding upper limits of the conversion range of 68% 
conversion for V1 and 70% conversion for V2 are 490° C. 
(V1) and 425°C. (V2). An NO content downstream of the 
catalyst of more than 25 ppm is not observed. 
0073. The measured data indicate the conversion profile 
hatched with (III) of from 180° C. to 490°C. for V1. The 
conversion profile of V2 characterized by (=) encompasses 
the temperature range from 160° C. to 425°C. 
0074 Compared to the selected comparative catalysts 
from the two comparative examples, which represent the 
current prior art, both catalysts according to the invention 
displayed a conversion profile which was broadened or 
shifted to significantly lower temperatures. Compared to 
VK2, a significant broadening of the conversion profile is 
achieved. Compared to VK1, V1 achieves abroadening of the 
conversion profile in the measured temperature range which 
is relevant to use. 
0075. In addition to the conversion profile in the freshly 
produced State, the performance of these two catalysts after 
hydrothermal aging was examined. For this purpose, the cata 
lysts V1 and V2 were subjected to synthetic aging in a furnace 
which had been heated to 700° C. and in which an atmosphere 
comprising 10% of oxygen and 10% of water vapor in nitro 
gen was present for a period of 48 hours. The two catalysts 
were Subsequently tested again in the model gas unit under 
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the conditions mentioned in comparative example 1. For 
comparison with conventional SCR catalysts, VK1 was sub 
jected to the same treatment and testing. The result is shown 
in FIG. 5. 
0076. After hydrothermal aging, the catalysts according to 
the invention display, as expected, considerable decreases in 
nitrogen oxide conversion, especially below 350° C. This 
behavior is known from conventional SCR catalysts, as VK1 
shows, and represents a general problem which has hitherto 
remained unsolved. The observed deterioration in perfor 
mance of the catalysts according to the invention is, however, 
considerably greater than in the case of conventional cata 
lysts. This can be attributed to adverse interactions between 
the two material Zones, presumably to uncontrolled migration 
of transition metal atoms, which destroys selectivity. Such an 
interaction can be considerably decreased by making the 
contact areas between the material Zones Smaller. 
0077 Accordingly, a horizontal arrangement of the mate 
rial Zones is the preferred embodiment of the invention when, 
in particular, the catalysts are to be exposed to very high 
temperatures and water vapor contents in the exhaust gas. 

EXAMPLE 2 

0078. In this example, a catalyst according to the invention 
having a horizontal arrangement of the material Zones, as 
shown in FIG. 3D, was examined. For this purpose, an inert 
ceramic honeycomb body having a volume of 0.041 and a cell 
count of 62 cells per cm having a wall thickness of 0.17 mm 
was provided with a coating comprising two material Zones. 
A material Zone comprising an iron-exchanged Zeolite was 
firstly applied to half of the length of the inert support body in 
a conventional dipping process. The as yet uncoated half was 
then provided with a material Zone comprising copper-ex 
changed Zeolite so that the two material Zones were in contact 
without an overlap Zone. 
(0079. The conversion profile of the catalyst H1 produced 
in this way was examined in a stationary model gas test. This 
was carried out using the same test conditions as described in 
comparative example 1. The catalyst was installed in the 
model gas reactor in Such a way that the material Zone which 
contains the iron-exchanged Zeolite and has the conversion 
profile located at higher temperatures had to be contacted first 
by the model gas flowing through. The result of the measure 
ments is shown in FIG. 6. 
0080. The catalyst H1 according to the invention having a 
horizontal arrangement of the material Zones achieves nitro 
gen oxide conversions of more than 40% at and above a 
temperature of 180°C. The maximum conversion of 81% is 
achieved at 440° C. after the conversion has gone through a 
conversion plateau at 79-80% from 300° C. upward. There is 
then a slight decrease in conversion, but this does not go 
below 72% in the temperature range examined up to 500° C. 
The nitrous oxide concentration measured downstream of the 
catalyst is generally less than 10 ppm. 
I0081. This gives a conversion profile denoted by the 
hatched area for the catalyst measured from 180°C. to >500 
C. This represents a considerable broadening of the conver 
sion profile compared to conventional SCR catalysts, espe 
cially in the direction of the low-temperature region. 
I0082. After conclusion of the conversion profile analysis 
in the freshly produced state, the catalyst H1 according to the 
invention was subjected together with a further catalyst VK1 
produced as described in comparative example 1 to synthetic 
aging under hydrothermal conditions in a furnace. The dura 
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tion of aging was 48 hours, and the temperature was 650° C. 
The atmosphere in the furnace comprises 10% by volume of 
oxygen and 10% by volume of water vapor in nitrogen. After 
aging, the two catalysts were examined in a stationary model 
gas test, with the test conditions described in comparative 
example 1 once again being used. The installation direction 
for catalyst H1 was again selected so that the model gas firstly 
had to flow through the material Zone containing iron-ex 
changed Zeolites. 
I0083. The results of the study are shown in FIG. 7. As in 
the case of the results shown in example 1, a significant 
deterioration in the nitrogen oxide conversion in the low 
temperature range, which is also known from conventional 
SCR catalysts such as VK1", was also observed for the cata 
lyst H1 according to the invention having a horizontal 
arrangement of material Zones. However, unlike the inventive 
structured SCR catalysts V1 and V2 from example 1, H1 can 
maintain or even slightly exceed the conversion level of VK' 
in the temperature range above 300° C. Below 300° C., H1 
after aging shows significant conversion improvements com 
pared to the conventional SCR catalyst. Thus, the horizontal 
arrangement of the material Zones enables not only a broad 
ened conversion profile in the fresh state but also an improve 
ment in the aging stability under hydrothermal conditions to 
be achieved. 

1. A structured SCR catalyst for an SCR reaction for the 
reduction of nitrogen oxides in the lean exhaust gas from 
internal combustion engines using ammonia or a compound 
which can be decomposed into ammonia as reducing agent, 

which comprises a plurality of catalytically active material 
Zones which have been applied to an if appropriate cata 
lytically inert Support body and are contacted in Succes 
sion by the exhaust gas, 

wherein the material Zones are distinguished by different 
conversion profiles of the SCR reaction and wherein the 
conversion profile of the material Zone which is con 
tacted first by exhaust gas to be purified lies at higher 
temperatures than the conversion profile of the material 
Zone which is contacted Subsequently by the exhaust gas 
to be purified, 

wherein the material Zone which is contacted first by the 
exhaust gas to be purified comprises iron-exchanged 
Zeolites and the material Zone which is Subsequently 
contacted by the exhaust gas to be purified comprises a 
transition metal-exchanged Zeolite or a transition metal 
oxide selected from the group consisting of Vanadium 
pentoxide, tungsten trioxide, titanium dioxide and mix 
tures thereof, 

or a transition metal-exchanged Zeolite and a transition 
metal oxide selected from the group consisting of vana 
dium pentoxide, tungsten trioxide, titanium dioxide and 
mixtures thereof. 

2. The structured SCR catalyst as claimed in claim 1, which 
does not contain any platinum group metal. 

3. The structured SCR catalyst as claimed in claim 2, 
wherein the conversion profile of the material Zone which is 
contacted first by the exhaust gas to be purified is in the 
temperature range from 350° C. to 500° C. 

4. The structured SCR catalyst as claimed in claim 2, 
wherein the conversion profile of the material Zone which is 
contacted Subsequently by the exhaust gas to be purified is in 
the temperature range from 100° C. to 400° C. 

5. The structured SCR catalyst as claimed in claim 4, 
wherein the transition metal-exchanged Zeolite contains a 
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transition metal selected from the group consisting of copper, 
manganese, cobalt, nickel, silver, gold and mixtures thereof. 

6. The structured SCR catalyst as claimed in claim 5, 
wherein the transition metal-exchanged Zeolite contains cop 
per. 

7. The structured SCR catalyst as claimed in claim 1, 
wherein the material Zones are arranged vertically above one 
another, with the upper layer being the material Zone which is 
contacted first by the exhaust gas to be purified. 

8. The structured SCR catalyst as claimed in claim 7. 
wherein the material Zone which is contacted subsequently by 
the exhaust gas to be purified is arranged between the upper 
layer and a honeycomb body used as Support body. 

9. The structured SCR catalyst as claimed in claim 7. 
wherein the material Zone which is contacted subsequently by 
the exhaust gas to be purified is identical to a honeycomb 
body used as Support body. 

10. The structured SCR catalyst as claimed in claim 7. 
whereinafurther coating which acts as diffusion barrier to the 
transition metal atoms is arranged between the material 
ZOS. 

11. The structured SCR catalyst as claimed in claim 10, 
wherein the coating comprises predominantly unexchanged 
Zeolites (“H-Zeolites') or ammonium-exchanged Zeolites or 
combinations thereof. 

12. The structured SCR catalyst as claimed in claim 1, 
wherein the material Zones are arranged in Succession in the 
flow direction of the exhaust gas. 

13. The structured SCR catalyst as claimed in claim 12, 
wherein the material Zones are arranged on a honeycomb 
body used as Support body. 

14. The structured SCR catalyst as claimed in claim 13, 
wherein the material Zones have an overlap region having a 
longitudinal extension in the flow direction of 0-5 millime 
ters. 

15. The structured SCR catalyst as claimed in claim 13, 
wherein an uncoated piece of the honeycomb body having a 
longitudinal extension in the flow direction of 0-5 millimeters 
is arranged between the material Zones. 

16. The structured SCR catalyst as claimed in claim 13, 
wherein the material Zone which is contacted first by the 
exhaust gas to be purified covers from 5 to 95% of the length 
of the honeycomb body. 

17. An exhaust gas purification unit containing a structured 
SCR catalyst as claimed in claim 1. 

18. A process for the removal of nitrogen oxides from lean 
exhaust gases from internal combustion engines using ammo 
nia or a compound which can be decomposed into ammonia 
as reducing agent comprising passing said exhaust gases in 
contact with a structural SCR catalyst as claimed in claim 1. 

19. A process for the removal of nitrogen oxides from the 
lean exhaust gas from internal combustion engines using 
ammonia or a compound which can be decomposed into 
ammonia as reducing agent, 

comprising passing said exhaust gases in contact with the 
SCR catalyst according to claim 16 

and where the catalyst is operated predominantly at tem 
peratures which do not exceed 350° C. and the material 
Zone which is contacted first by the exhaust gas to be 
purified covers from 5 to 50% of the length of the hon 
eycomb body. 
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20. A process for the removal of nitrogen oxides from the and where the catalyst is operated predominantly at tem 
lean exhaust gas from internal combustion engines using peratures above 350° C. and the material Zone which is 
ammonia or a compound which can be decomposed into contacted first by the exhaust gas to be purified covers 
ammonia as reducing agent, from 50 to 95% of the length of the honeycomb body. 

comprising passing said exhaust gases in contact with the 
SCR catalyst according to claim 16, ck 


